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A sun-sensitive, 8-yr-old male patient (termed 
UV"IKO) with only acute recurrent sunburns and with-' 
out any other physical or neuromental retardations was 
studied. The patient's skin exhibited lowered minimal 
erythema doses between 280 and 300 nm monochromatic 
wavelengths without delayed peaking of erythema. 
UV"IKO skin fibroblasts in culture was 5-fold more sen-
sitive to 254 nm UV killing than normal cells, though the 
response of obligatory heterozygotes was normal. 
UV"IKO cells were also more sensitive to killings by 
fluorescent sunlamp (295-300 nm UV -B) radiation, 4-
nitroquinoline-l-oxide, and N-hydroxy-acetyl aminoflu-
orene, but not by monofunctional decarbamoyl mitomy-
cin C, bifunctional mitomycin C, and alkylating agents 
(methyl methanesuifonate, ethyl methanesuifonate, N-
methyl-N-nitrosourea). Assays for unscheduled DNA 
synthesis, T4 endonuclease V -susceptible sites (pyrimi-
dine dimers), endogeneous excision-break accumulation 
by arabinofuranosyl cytosine-plus-hydroxyurea, single-
strand-break rejoining, and molecular-weight increase 
of pulse-chased DNA in irradiated cells indicated no 
apparently detectable defects in nucleotide-excision re-
pair processes and in replicative bypass in UV"IKO cells. 
Despite the repair proficiency as such, UV"IKO cells 
showed the «efective recovery of DNA synthesis after 
254 nm UV irradiation with 1 and 5 J /m2, at which dose 
the recovery occurred in normal cells. The base line level 
of sister-chromatid exchanges (SCEs) was higher in 
UV"IKO cells (10-12 SCEs/cell) than in normal cells (5 
SCEs/cell), although the induction rate of SCEs by 254 
nm UV in UV"IKO cells was the same as in normal cells. 
Such clinical, cellular and molecular characteristics and 
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4-NQO: 4-nitroquinoline-l-oxide 
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comparison to those in the other photodermatoses (xe-
roderma pigmentosum, Cockayne's syndrome, the 11961 
disorder, Bloom's syndrome) can make a clear distinc-
tion of UV"IKO from the others. Thus, the UV"IKO dis-
order is put forward as a new photodermatosis with a 
defect in the recovery of post-UV DNA synthesis. 
There are several genodermatoses characterized by sunlight 
sensitivity ofthe skin with or without complications. At present, 
such disorders can be divided into the following 3 categories by 
the characteristics in DNA repair and replication. 
Category (1) manifests the deficiency in excision repair of 
DNA lesions induced by UV (mainly pyrimidine dimers) and 
other UV -like chemical mutagens [1-7]. Xeroderma pigmento-
sum (XP) complementation groups A to G, whose cells lack the 
first incision step of nucleotide excision repair to various extents 
[1-7], and an XP variant group, whose· cells may have a subtle 
defect in the later polymerization step [8-13], fall into this 
category. XP and XP variant cells are more sensitive to UV 
killing, and their repair defects are related with higher UV 
mutagenesis [14,15] and carcinogenesis [2,4,5]' DNA repair is 
also coupled to DNA replication [16-18] in such a way that the 
recovery of DNA synthesis after UV irradiation of XP cells 
depends on the excision repair and survival [16,17]. 
Category (2) contams Cockayne's syndrome (CS) [19] and 
the 11961 disorder [20], whose cells are defective in the recovery 
of DNA synthesis after UV irradiation [21] despite the appar-
ently normal nucleotide excision repair [20-23]. Thus, the de-
fective recovery in this category is separate from that observed 
in XP cells in Category (1). The enzymatic deficiency charac-
teristic of each Category (2) disorder is as yet not discovered. 
No obvious UV carcinogenesis has been described in CS pa-
tients [21-24] and so far in a 11961 individual, though too young 
[20]. 
Category (3) represents a group which manifests a retarded 
rate of DNA replication without detectable defects in known 
DNA repair mechanisms, and includes Bloom's syndrome (BS) 
[25] and Werner's syndrome [26]. In those disorders, enzymatic 
abnormalities have not yet been clarified. 
In this communication, we report a characteristic photosen-
sitive patient, termed Uvs IKO, belonging to the above Category 
(2). The derived skin fibroblasts show a defective recovery of 
DNA synthesis after UV irradiation despite normal excision 
repair capacity. Further, our cellular and molecular results will 
make it possible to distinguish UV"lKO as a new type of sun-
sensitive disorder from XP, XP variant, CS, 11961 and BS. 
CLINICAL DESCRIPTION 
An 8-yr-old male UV"IKO patient manifested acute recurrent sun-
burns. His parents are the first cousins, and the patient has no other 
siblings (3 sibs) and relatives with abnormal sun sensitivity. He was 
delivered full-term with a normal weight (3.3 kg) and has grown 
normally up to date, the present body weight (42 kg) and height (149 
cm) being within normal ranges. Thus far, he has no obvious growth 
retardation, microcephaly, or other congenital malformations. Other 
physical, neurological, mental, endocrinological, ophthalmological, and 
routine laboratory findings including porphyrin analysis were appar-
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ently normal. We found no detectable karyotypic and chromosomal 
abnormalities in blood lymphocyte cultures. However, a significantly 
higher frequency of base line SCEs was detected in both lymphocytes 
(not shown) and fibroblasts in culture (see Table 3) , although he had 
received no possible toxic exposures and medicines such as steroids and 
antibiotics. 
The acute solar erythema and accompanied skin manifestations are 
the only clinical characteristics of UV' lKO. Abnormal sunburn was 
first observed when exposed to sunlight for a short time around 3 mo 
after birth. With recurrent sunburns, a number of small lightly pig-
mented freckles appeared in sun-exposed areas at around age 1 yr. 
Such skin symptoms progressed very slowly with advancing age. When 
the patient flrst visited M.l. at the age of 8 yr, very slight dryness of the 
facial skin, a number of freckles and small papules, and pigment 
anomaly appeared in exposed areas, and telangiectasia appeared only 
on the cheeks and nose. Such cutaneous symptoms were defmitely less 
severe than those in XP patients. The UV' lKO patient has as yet 
possessed no cutaneous neoplasms. The continuous application of an 
opaque sunscreen has improved cutaneous manifestation. Clinical fea-
tures of UV"IKO do not fit the other sun-sensitive genodermatoses 
such as CS [19,22] and the 11961 disorder [20] with dwarfism and other 
characteristic complications, and BS with an exceptionally high fre-
quency of base line SCEs [27]. 
The minimal erythema doses (MEDs) were estimated by exposure 
of the dorsal skin to monochromatic UV (280-350 nm) from a Jasco 
Model CRM-FX xenon arc-grating monochromator (Japan Spectro-
scopic Co., Tokyo) [12,13]. MEDs were read 24, 48, and 72 hr after 
irradiation [12,13]' The UV' IKO patient showed lowered MEDs be-
tween 280 and 300 nm, but no delayed peaking of the erythema reaction 
(Fig 1), although XP group A patients are used to show it as a typical 
sign [12,13,28]. An estimation of MED at the 24 hr reaction peak 
provided 2.8 and 3.5 mJ/cm2 at 290 and 300 nm wavelengths, respec-
tively, in UV' IKO. These values were 3 to 4-fold lower than those 
(10.12 ± 0.40 and 9.40 ± 0.24 mJ/cm2 at 290 and 300 nm, respectively) 
in normal subjects [13]. However, MEDs produced by UV -A wave-
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FIG 1. The curves of minimal erythema dose against monochromatic 
UV wavelength at the reaction peak 24 hr after irradiation. 
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TABLE 1. The cell strains used and description of mutants 
Comple- Photo-
Cell strains Disease mentation sensitiv- Source References 
groups ity 
NHSF6 Normal Author 29,30 
XP20S Xeroderma pig- A + Takebe" 5,29,30 
mentosum 
(XP) 
XP2BE (CRL XP C + ATCC' 2, 3 
1166) 
XP3KO XP Variant + Author 13,29 
XP5JTO XP Variant + Sasaki" 29 
CS (GM739, Cockayne's + IMR" 21-23,38 
CS1AN) syndrome 
UV' lKO Not diagnosed + Au thor 
UV' H-F Father of Author 
UV' lKO 
UV' H-M Mother of Author 
UV' lKO 
a Takebe H, Sasaki MS, Radiation Biology Center, Kyoto University, Kyoto. 
• American Type Culture Collection, Rockville, Md. 
" Human Genetic Cell Repositry, Institute of Medical Research, Camden, NJ. 
lengths were not significantly lowered in UV' lKO (Fig. 1) , unlike in XP 
group A patients [12,13,28]. His parents manifested no abnormalities in 
clinical features and in the erythema test. 
MATERIALS AND METHODS 
Chemicals 
4-Nitroquinoline-1-oxide (4NQO) was purchased from Daiichi Chem-
ical Co., Osaka. N-hydroxy-acetyl-arninofluorene (N-OH-AAF) was a 
generous gift of Drs. T. Morita and M. Tada, Aichi Cancer Center 
Institute, Nagoya, Japan. Monofunctional decarbarnoyl mitomycin C 
(DMC) and bifunctional mitomycin C (MC) were kindly supplied by 
Kyowa-Hakko Pharmaceutical Co., Osaka. Methyl methanesulfonate 
(MMS), ethyl methanesulfonate (EMS) and N-methyl-N-nitrosourea 
(MNU) were puchased from Aldrich Chemical Co., Inc., Milwaukee, 
Wisconsin. Caffeine was obtained from Calbiochem, La Jolla, Calif. All 
compounds except N-OH-AAF were disolved in double-distilled water, 
sterilized through membrane filter , and diluted by phosphate-buffered 
saline (PBS) immediately before use. N-OH-AAF was dissolved in 
dimethyl sulfoxide (DMSO), and used at a nontoxic DMSO concentra-
tion of 0.2% or less. 
Cell Strains, Media, and Culture 
The human skin fibroblast strains used are shown in Table I. The 
reason for the selection of cell strain NHSF6 as a typical representat ive 
of normal is described in Table II, footnote". The main focus was placed 
on UV' lKO and obligatory heterozygotes, UV'H-M (mother) and 
UvsH-F (father), derived from the skin explants taken from relatively 
unexposed inner part of the upper arm. Cells were grown in Eagle's 
minimal essential medium (MEM) supplemented with 'lX nonessential 
amino acids (Flow Lab., Rockville, Md.) and 15% fetal calf serum (Flow 
Lab.) in a humidified atmosphere of 5% in air [29,30]' 
Survival Assays 
Log-phase, trypsinized cells were plated in appropriate numbers in 
duplicate 60-mm Falcon plastic dishes (Division of BioQuest, Oxnard, 
Calif.), once washed with PBS after cells attached, and irradiated with 
predominantly 254 run UV from a 15 w low-pressure mercury germicidal 
bulb (Toshiba Electric Co., Tokyo) (fluence rate, 0.56 J / m2/sec [29,30], 
predominantly 295-300 nm UV-B light from a 20 W FL20SE-30 sun-
lamp (fluen,ce rate, 5.80 J / m2/ sec) (Toshiba), or 190 kVp x-rays from a 
Toshiba KXC-18-2 unit (dose rate, 100 rad/ min through a 0.5 mm AI-
plus-0.5 mm Cu filter [26]). Similarly, cells were treated with the 
various mutagens for 1 hr (EMS alone, 2 hr) at 37°C in PBS, washed 
twice with PBS, and incubated for 12-14 days until visible colonies with 
50 cells or more developed [29,30]. The fluences and final concentra-
tions tested were specified in Fig 2 and 3 and Table II. In some UV 
survival experiments, 0.3-0.75 mM caffeine was added during the entire 
post-UV period [29]. Plating efficiencies fell into a range of 7.6 to 32%. 
Survival characteristics were analyzed in terms of extrapolation number 
(n) and mean lethal dose (Do) [29,30] (see Table II, footnote"). 
Unscheduled DNA synthesis (UDS) 
We employed the same method as described previously [26,30]' UDS 
(the average number of grains/non-S phase cell) was determined on 
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TABLE II. Comparison of mu.tagen sensitivity between photosensitive human mutants 
Mutagens Survival parameters" NHSF6
b UV' lKO GM739 CS 
XP20S XP5JTO 
group A variant 
254 nm UV 
FL20SE sunlamp' 
4-nitroquinoline-1-oxide 
N -hydroxy-acetyl-aminofluorene 
Decarbamoyl mitomycin C 
n 
Do. J/m 2 
n 
Do. sec 
n 
Do. /LM·he 
n 
DO./LM · h 
n 
Do, fLg/ml . h 
1.6 
5.0 
3.4 
4.5 
1.4 
0.4 
1.2 
40 
1.1 
0.36 
Mitomycin C n 1.6 
Do./Lg/ml . h 0.16 
X-rays n 1.8 
1.8 
0.95 
1.0 
1.7 
1.7 
0.13 
1.4 
21 
1.1 
0.36 
1.6 
0.16 
1.8 
1.8 1.0 1.2 
1.0 0.55 2.5 
ntd nt nt 
1.0 1.0 2.4 
0.15 0.06 0.19 
1.0 1.0 1.2 
23 13 40 
1.1 1.0 1.4 
0.11 O.OS 0.16 
1.0 1.0 1.6 
0.10 0.10 0.15 
1.7 1.7 1.5 
Do. rad 132 132 132 133 135 
Methyl methanesulfonate n 3.0 3.0 2.8 3.0 2.6 
Do. mM· h 0.065 0.065 0.064 0.065 0.065 
Ethyl methanesulfonate n 1.0 1.0 1.0 nt nt 
Do. mM· 2 h 11.5 11.5 11.5 
N-methyl-N-nitrosourea n 1.6 1.6 1.6 1.3 1.4 
Do. mM · h 0.50 0.50 0.51 0.45 0.49 
" Extrapolation number (n) is obtained at the intercept when the exponential part of survival curve is extrapolated to the ordinate. and mean 
lethal dose (Do) is the dose which reduces survival in the exponential region of survival cW've to lie (=37%) (see Fig 2). 
b The reason why we selected the NHSF6 strain as the typical representative of normal cells (Table I) is because the n and Do values of UV-
irradiated NHSF6 cells (1.6 and 5.0 J/m2• respectively. as indicated in this table) fell into normal ranges (n = 1.5-2.0. Do = 4.7-5.3 Jim:) obtained 
from 4 other strains [12, 13. 26. 29. 30]. 
<' Cells were exposed to fluorescent light (UV-S) at an 8-cm distance from a single 20-w FL20SE-30 sunlamp source (fluence rate = 5.80 J/ m2/ 
sec by a calibrated thermopile) . 
d nt. not tested. 
e Cells were treated with chemical mutagens in PBS at 37°C for 1 hr. except 2 hI' with EMS. 
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FIG 2. 254 nm UV survival curves. The procedures were described 
in Materials and Methods. Each datum point is the mean of 3 to 5 
determinations. A. Comparison of the UV"lKO sensitivity to t he others 
indicated. B. Sen~itivity of heterozygotes; UV"H-F (father) ·and UV"H-
M (mother). C, Caffeine effect on UV"lKO killing by UV: 0 , NHSF6; 
•• UV"lKO; (). UV"H-F; (). UV' H-M; .... GM739-CS; 6, XP20S (group 
A); D. XP2BE (group C); '\1, XP5JTO variant; x. XP3KO variant. In 
panel C. the fmal concentrations of caffeine used for post-UV treatment 
are indicated. 
auto radiographs made after a 4hr [methyl-3H]thymidine (dThd) (sp. 
act .. 5 Ci/mmole. 5 /LCi/ml. The Radiochemical Centre. Amersham. 
UK)-Iabeling fo llowing UV irradiation with 0 to 40 J/m 2• 
X-ray· Induced Single-strand Breahs of DNA. and Rejoining Repair 
The cells prelabeled with 0.1 /LCi/ml of [3H]dThd for 2 days. chased 
for 2 hr, and irradiated aerobically with a single x-ray dose of 20 krad 
(dose rate. 1 krad/min through a 1-mm AI filter) on ice [26]. The cells 
were immediately lysed [26]. or further repair-incubated at 37°C for 
desired lengths of time until 90 min before lysis of cells. A 0.2-ml aliquot 
of t he cell lysate after alkalinization was layered on top of the 4.S rnl 
gradient of 5-;-20% (w/v ) alkaline sucrose. and the loaded tubes were 
centrifuged at 35,000 rpm for 1 hr at 20°C in an SW50.1 head of a 
Beckman Model L5-50 ultracentrifuge (Beckman Instruments. Inc. , 
Palo Alto, Calif.), as described previously [26,29]' After the run, lO-drop 
fractions were collected from the bottoms of the tubes (usually 25 
fractions per tube), processed, and assayed for radioactivity [26.29]. We 
calculated the weight and number average molecular weights, Mw and 
Mn, respectively from the profiles. Mw of control DNA was 280 X 106 
daltons [26,29]. The number of single-strand breaks per 1 g of DNA 
equals 6.023 x 10" (l/Mn,-l/ Mno), where Mnu and Mn, are Mn values 
of control and irradiated cell DNA. The repair kinetics were obtained 
by dividing the number of breaks remaining at time t by the initial 
number of breaks. 
Accumulation of Excision Single-strand Breahs by 
Arabinofuranosyl Cytosin.e(araC) 
We used a modification [12,13] of the original method of Dunn and 
Regan [9]. Log-phase cells were labeled with 0.1 /LCi/ml of [3H]dThd or 
0.2 /LCi/ml of [2-14C]dThd (The Radiochemical Centre) for 2 days and 
incubated for 4 hr in nonradioactive medium. ["H]cells were UV-irra-
diated (10 Jim' ), though the reference ['4C]cells were not, and incu-
bated for 4 hI' in 2.5 /LM araC and 2 mM hydroxyurea (HU) (K and K 
Lab., Hollywood. Calif.). ["H) and ['4C]cells were mixed and lysed. After 
centrifugation at 35,000 rpm for 1 hr. the number of single-strand 
breaks per 1 g of DNA was calculated from Mn values of reference 
[ 14C]DNA and sample [3H]DNA (see above). 
Assay for T4 Endonuclease V-susceptible Sites (T4 Endo Sites) 
We used a modified method of Paterson Lohman, and Sluyter [31]. 
as described previously [12]. ["H]dThd-labeled, 5 X 10· cells harvested 
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FIG 3. Comparisons of survival curves after treatments with .UV-
like mutagens and mitomycin C. (A) 4-nitroquinoline-1-oxide, (B) N-
hydroxy-acetyl-aminofluorene, (C) de carbamoyl mitomycin, (D) mito-
mycin C. 0 , NHSF6; e, UV' lKO; 6, XP20S; D, XP5JTO variant. 
immediately or 18 hr after 10 J / m2 UV were mixed with the same 
number of C'C]dThd-labeled, unirradiated reference cells. Mixtures 
were lysed in 0.5% N-Iauroyl-sarcosinate and digested with 1 mg/ ml of 
preheated pronase (Kaken Chemical Co. , Tokyo) [12]. The DNA was 
gently extracted by use of chloroform-isoamyl alcohol (24: 1) and 
dialysed at 4°C against the 4 changes of the assay buffer of 40 mM Trisl 
HCI, pH 7.2 and 10 mM EDTA [32]. Then, the DNA was reacted with 
1 unit of T4 endonuclease V per assay (0.25 ml) for 30 min at 37°C 
[12,32]. The resulting products were alkalinized, layered on top of 5-
20% alkaline sucrose gradients, and centrifuged at 40,000 rpm for 2 hr 
at 20°C in an SW50.1 rotor [12]. The number of T4 endo sites was 
calculated. 
Mw Increase of Pulse-chased DNA 
Exponentially growing cells were irradiated with 0 or 5 J / m2 UV, 
and immediately pulse-labeled with 5 /LCi/ml of ["H]dThd (1 /LM). The 
pulse-labeling time was 15 min for both unirradiated and irradiated 
cells. Labeled cells were immediately lysed or further chase-incubated 
for various lengths of time in unlabeled dThd (50 /LM) and deoxycytidine 
(50 /LM) with or without 1 mM caffeine [12,13,29]' The cells were lysed 
for analysis of Mw increase by alkaline sucrose gradient centrifugation 
at 35,000 rpm for 1 hr in an SW 50.1 rotor [12,13,29]' 
The Rate of Past- UV DNA Synthesis 
The assay procedure was described in the legend to Fig 6. 
SCE Experiments 
Cells exponentially growing in duplicate gO-mm plastic dishes were 
once washed with PBS, UV-irradiated (0 to 2 J i m' ), and incubated for 
72 hr in media containing 10 IJ.M 5-bromo-2'-deoxyuridine and 10 fLM 
deoxycytidine to allow the cells to pass through 2 replication cycles. 
Colcemid (Merck) was added at the final concentration orO.1 fLg/ml for 
the last 5 hr. Cells were harvested, treated with a hypotonic 0.075 M 
KCl solution for 30 min at 37°C, and fixed with acetic acid-methanol 
[33]. Air-dried preparations were stained by a modification [33] of the 
original Hoechst 33528-Giemsa method of Perry and Wolff [34] for the 
differential sister-chromatid staining. The cells with all well-spread and 
thoroughly differentiated chromosomes were analyzed for SCE fre-
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quencies, and the number of SCEs were counted in 50 metaphases, 
switches at the centro meres being excluded [33]. 
RESULTS 
Differential Sensitivity Toward Various Mutagens 
Fig 2A shows the 254 nm UV survival curve of UvsIKO cells 
and its comparison with those of NHSF6 (normal), GM739-CS, 
XP20S group A, XP2BE group C and XP variants (XP3KO 
and XP5JTO). Uvs IKO cells were about 5 times as sensitive as 
NHSF6 cells to 254 nm UV killing (see also the Do comparison 
in Table II). Such a high sensitivity of Uvs IKO cells approxi-
mated those of XP2BE (Fig 2A) and GM739-CS cells (Fig 2A; 
Table II), which fell into between 10- and 2-fold more sensitive 
XP20S and XP variants, respectively, than NHSF6 cells (Fig 
2A) [12,29]. UvsIKO cells were also more sensitive to 295-300 
nm UV-B radiation from an FL20SE-30 sunlamp than NHSF6 
cells (Table II). However, heterozygous fibroblasts, UvsH-F 
(father) and UV'H-M (mother), responded normally to 254 nm 
UV killing (n = l.7-l.9, Do = 4.8 J / m2) (Fig 2B). In addition, 
we observed no synergistic effect of caffeine (~0.75 mM) on 254 
nm UV killing in UvsIKO cells (Fig 2C), unlike in XP variant 
cells [12,13,29,35-37]. 
Further, we tested the other various mutagens for the differ-
ential killing sensitivity of Uvs IKO cells. The sw-vival cw-ves 
obtained demonstrated that UvsIKO cells were more sensitive 
to 4NQO (Fig 3A) and N-OH-AAF (Fig 3B) (such sensitivities 
are intermediate between those of XP20S and NHSF6 cells), 
and normally resistant to monofunctional DMC (Fig 3C) and 
bifunctional MC (Fig 3D). However, XP20S group A cells were 
most sensitive to all of these UV -like agents (Fig 3A to C) and 
crosslinking MC (Fig 3D) , as far as tested. XP variant 
(XP5JTO) cells exhibited higher sensitivities to 254 nm UV 
(Fig 3D), 4NQO (Fig 3A) and DMC (Fig 3C), but not to N-OH-
AAF (Fig 3B) and MC (Fig 3D). 
On the other hand, GM739-CS cells exhibited the interme-
diately high sensitivities to killings by 254 nm UV (Fig 2A; 
Table II), all UV-like mutagens (4NQO, N-OH-AAF, DMC) 
[22,23] and MC (Table II). Thus, the CS cells only differ from 
the UV"IKO cells in the responses to MC and DMC but not to 
4NQO or N-OH-AAF (Table Il). These unique mutagen sensi-
tivities enable us to distinguish the Uvs IKO from XP, XP 
variant, and CS. However, n and Do values in Table II dem-
onstrated that Uvs IKO cell.s, as well as the other photosensitive 
mutants tested, showed almost normal survival responses to x-
rays, MMS, EMS, and MNU. 
Nucleotide Excision and Rejoining Repair 
Fig. 4A displays the relationship between 254 nm UV dose 
and UDS. In NHSF6 cells, the amount of UDS increased with 
increasing UV dose, although the UDS curve tended to saturate 
at higher doses. UV"lKO, GM739-CS, and XP5JTO variant 
cells followed exactly the same, normal UDS kinetics, in con-
trast to the defective UDS in XP20S group A and XP2BE 
group C cells (Fig 4A; Table III). The loss of T4 endo sites 
(pyrimidine dimers) during the repair incubation for 18 hr after 
10 J / m 2 254 nm UV was almost normal in Uvs1KO, GM739-
CS, and XP variants (Table III). 
An araC-plus-HU treatment during the post-UV incubation 
has been shown to accumulate excision breaks in repair-profi-
cient cells [9,11-13]. As compared to NHSF6 cells, XP20S 
group A cells showed the least accumulation due to the lack of 
excision repair [9,11 ,13] (Table III). In XP3KO and XP5JTO 
variants, about 200% excision breaks, as compared to NHSF6 
cells, were accumulated by the 4 hr ru'aC-plus-HU treatment 
(Table III) [12,13], due to a subtle defect in the later polymer-
ization step of nucleotide excision repair [8-13]. However, 
UV"IKO and GM 739-CS cells exhibited the neru'ly normal 
level of excision-break accumulation (Table III), thus indicating 
no apparent defect in the later step of repair. 
Fig 4B illustrates the rejoining repair kinetics of single-strand 
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FIG 4. 254 nm UV-induced unscheduled DNA synthesis and rejoin-
ing repair of x-ray-induced single-strand breaks. A, Unscheduled DNA 
synthesis. The average number of grains per cell was determined after 
a 4 hr [3H]dThd labeling (5 /-LCi/ml, 5 Ci/mmole) following UV irradia-
tion with 0 to 40 Jim' . 0 , NHSF6; . , UV' lKO; A, GM739-CS; X, 
XP20S;~, XP2BE; 0 , XP5JTO variant. B, Rejoining repair. The cells 
were irradiated with 20 krad x-rays on ice, repair-incubated, lysed in 
0.25% sodium dodecyl sulfate, 0.01 M EDTA and 0.15 M sodium bicar-
bonate, pH 7.8, and digested with 1 mg/ml of preheated pronase for 4 
hr at 37°C [26). After addition of 0.1 ml of 3 N-NaOH per 1 ml of lysate, 
a 0.2-rnl aliquot was layered on top of 5-20% alkaline sucrose gradient 
containing 0.8 M NaCI, 0.2 M NaOH, 0.01 M EDTA and 0.015 M p-
aminosalycilate, pH 12.5 [26,29], and centrifuged for analysis of the 
number of single-strand breaks and rejoining kinetics, as described in 
Materials and Methods. The number of single-strand breaks induced 
by 20 krad was ~2 X 1016/g DNA, as agreed with our previous result 
[26]. 0 , NHSF6; ., UV' lKO; A, GM739-CS. 
breaks induced by 20 krad of aerobic x-rays. UV' lKO and 
GM739-CS cells also followed the normal kinetics of rejoining 
repair (half-life time = 12 min), in support of normal x-ray 
survival (Table II). Therefore, all the above results strongly 
suggest that both Uvs1KO and GM739-CS cells have the nor-
mal abilities of the fIrst incision, subsequent resynthesis and 
fInal ligation of excision repair of DNA damage. 
Mw Increase by Pulse-chase after UV Irradiation 
Unirradiated and 254 nrn UV (5 J/m2)-irradiated cells were 
pulse-labeled with [3H]dThd for 15 min, followed by the sub-
sequent chase for specifIed lengths of time in nonradioactive .· 
dThd. Mw of DNA was estimated from alkaline sucrose profiles 
(not shown). Figure 5 shows the chase time-Mw increase kinet-
ics. The initial Mw of DNA from irradiated, 15 min-labeled 
cells was smaller than that from unirradiated counterpart. The 
Mw increases in NHSF6 (Fig 5A), ' UV"lKO (Fig 5B), and 
GM739-CS cells (Fig 5C), whether or not UV-irradiated, were 
linear and parallel until 1 hr of chase time, keeping the initial 
Mw-difference, and reached a maximum of 260-280 X 106 
daltons by 1.5-2 hr. Thus Fig 5 demonstrates that post-UV 
DNA-chain elongation is not impaired in Uvs IKO and GM739-
CS cells. Further, the Mw-increase kinetics in both types of 
cells in the presence of 1 rnM caffeine during the chase period 
were not different from those in caffeine-resistant NHSF6 cells 
(Fig 5) [12,29], implying that the mechanism by which DNA 
chains are elongated and joined after UV ·irradiation is not 
much interrupted by caffeine. In contrast, caffeine causes par-
tial block to replication forks in XP variant cells [11,12,37]. 
Defective Recot;ery of Post- UV DNA Synthesis 
Figure 6 displays the post-UV time kinetics of the DNA 
synthesis rate, as determined by pulse-Iabelings of exponential 
cells with 1 /lCi/ml of (3H]dThd for 30 min at desired times 
(see the legend to Fig 6) . In NHSF6 cells irradiated with a Do 
dose of 5 J/m2, the DNA synthesis rate declined initially (0- 2 
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hr), due to the selective inhibition of replicpn initiations, ~d 
then it was recovered during a further incubation until 6 hr (FIg 
6A). However, Uvs IKO cells (Fig 6E) were unable to recover 
the DNA synthesis, despite repair profIciency, as were in 
GM739-CS (Fig 6C) [21] and 11961 cells [21]. Further, the . 
experiments using a critical Do dose of 1 J/m2 for UV"IKO and 
CS (Fig 2) delineated that the recovery of the synthetic rate 
was slow and intermediate in the former cells (Fig 6B), and not 
substantial in the latter cells, although the curve remained 
higher at 1 J/m2 than at 5 J/m2 (Fig 6C), as compared to a 
faster full recovery in NHSF6 cells (Fig "6A). Therefore, the 2 
mutants still manifest a defective recovery of post-UV DNA 
synthesis after the Do dose. 
Base Line and UV-induced SeEs 
The base line SCE frequency was twice, signifIcantly higher 
in UV"lKO cells than in NHSF6 and the other mutants tested 
(P < 0.05) (Table III; Fig 7). The regression-line analysis 
indicated that the induction rates of SCEs by 254 nrn UV in 
UV"IKO and XP5JTO variant cells were about 3.4 SCEs/cell 
per J/m2, being the same as in NHSF6 cells (Fig 7) . Excision-
defective XP20S group A cells and excision-profIcient GM739-
CS cells exhibited the highest induction rate of 11.5 SCEs/cell 
. per J/m2 and an intermediate rate of 7.4 SCEs/celi per J/m2, 
respectively (Fig 7). These results generally agree with those 
by Marshall et al [38]. Despite the similarities in'excision repair 
and recovery of DNA synthesis in both UV"lKO and GM739-
CS cells, the base line SCE frequency was higher in UV"IKO 
cells (10.6 SCEs/cell) than in CS cells (5 SCEs/cell), and 
conversely the rate of UV-induced SCE was higher in CS cells 
than in Uvs IKO cells showing the normal rate (Fig 7). Thus, it 
seems that a higher SCE formation in response to UV may not 
always be due to persisting damage as a result of repair defect, 
but other chromatin factor(s) may play important roles in the 
SCE formation. 
TABLE III. Excision repair capacities and baseline SeE frequency 
Loss ofT4 Excision-break Base line SCEs/ Cell strain UDS" (%) endo sites lJ accumuiationC 
(%) (%) cell ± SO 
NHSF6 100 100 100 4.86 ± 1.15 
XP20S group A 1.5 4 3.2 4.92 ± 1.21 
XP2BE group C 11 9 nt nt 
XP3KO variant 100 100 205 5.21 ± 0.81 
XP5JTO variant 100 96 226 5.00 ± 0.98 
GM739-CS 100 98 100 5.20 ± 1.44 
UV"IKO 100 100 100 11.24 ± 2.80 
UV"H-F 100 100 nt 5.08 ± 1.31 
UVHH-M 100 100 nt 5.08 ± 1.31 
4.96 ± 0.97 
" Determined autoradiographically after a 4 hr [3H}dThd labeling 
following 10 Jim' 254 nm UV (see Materials and Methods), and 
compared with control NHSF6. 
/, Disappearance of T4 en do sites 18 hr postirradiation, compared 
with that of NHSF6 cells. From sedimentation profiles, we estimated 
Mn's for the reference [14C}DNA and irradiated, repair-incubated 
["H}DNA, and then the number of T4 endo sites per 107 daltons (see 
Materials, and Methods). The number immediately after 10 Jim' in 
any strain was 1.8 ± 0.23 per 107 daltons and the disappearance 18 hr 
postirradiation in NHSF6 cells was about 80% of the initial sites. 
C [
14C]dThd-prelabeled, unirradiated cells (internal reference) and · 
[JH]dThd-preiabeled, irradiated cells were incubated in 2.5 /-LM araC 
and 2 mM HU for 4 hr, harvested, mixed, and lysed, followed by alkaline 
sucrose sedimentation of DNA (see Materials and Methods) . Mn values 
from profiles and then the number of breaks per 1 g of DNA were 
calculated, taking the Mn of [,4JDNA as reference (see Materials and 
Methods). 254 nm UV (10 J/m' )-irradiated NHSF6 cells accumulated 
4.63 ± 0.43 X 1015 single-strand breaks per 1 g of DNA by araC-plus-
HU, as described elsewhere [12,13). No significant excision breaks were 
detected in UV-irradiated NHSF6 cells in the absence of araC-plus-
HU, because of rapid processes. 
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FIG 5. Moleculru'-weight (Mw) increase as a function of chase time. 
Cells were pulse-labeled with [,H]dThd for 15 min immediately after 
irradiation with 0 or 5 J/m2 and chased up to 2 hr. Cells were lysed and 
centrifuged as described in the legend to Fig 3, and Mw of DNA was 
calculated. Each datum point is the mean of 2 to 3 determinations. (A) 
NHSF6, (E) UV"IKO, (C) GM739-CS. Symbols were specified in the 
figure. Caffeine (1 mM) was present only during the chase period. 
DISCUSSION 
Our results presented here indicate the following 2 prominent 
aspects: (1) UV"lKO cells have no detectable defects in the 
excision repair processes and in replicative bypass [29,37] using 
a number of various criteria, and (2) the cells show a high 
sensitivity to the lethal effect of UV and the deficient recovery 
of DNA synthesis after UV irradiation. Because of the phenom-
enological similarities in CS and 11961 cells [21], thus the 
present UV"lKO cells also fall into Category (2) described in 
Introduction. 
Furthermore, Table IV summarizes the similarities and dif-
ferences in the mutagen sensitivity, DNA repair (see above), 
and SCEs. A clear distinction of UV"lKO from XP, XP variant, 
CS, and 11961 can be made in the following points. 
(l) Sensitivity to Killings by Mutagens 
(i) UV"lKO cells are separable from MC and DMC-sensitive 
CS cells, from the 11961 cells showing normal resistance to AAF 
derivatives [20) and a high sensitivity to EMS (20), and from 
XP variant cells in the DMC and N-OH-AAF sensitivity. (ii) 
The sensitivities of UvsIKO cells to 254 nm UV and the UV-
like mutagens (4NQO, N-OH-AAF) are intermediate between 
those of XP group A and XP variant cells, and almost similar 
to those of GM739-CS and XP2BE group C cells. (iii) UV"lKO 
and the other mutants showed the normal resistance to alkyl-
ating agents, while the 11961 cells alone showed a high sensitiv-
ity to EMS killing. (iv) 254 nm UV killing of UvsIKO cells are 
not potentiated by caffeine in accordance with rather unaltered 
rate ofMw increase after UV irradiation whether or not caffeine 
is present (Fig 5). 
(2) Baseline and UV-induced SeEs. 
UV"lKO cells showed a higher base line SCE frequency, as 
compared to normal and the other genetic mutant strains 
(about 5 SCEs/celi in Table III), which is far below the level of 
BS cells [27]. However, the induction rate of SCEs by 254 nm 
A NEW PHOTOSENSITIVE DISORDER 261 
UV in UvsIKO cells was the same as in NHSF6 cells (Fig 7), 
despite a 5-fold sensitivity of the former to killing. This feature 
is distinguishable from higher SCE rates in XP group A and 
CS cells. A retru'ded rate of DNA-chain elongation is unique in 
BS cells [25], but not observed in UvsIKO and GM739-CS cells 
(Fig 5). 
Regarding post-UV DNA synthesis, it has been shown that 
x-ray and UV exposures inhibit co-ordinated replicon initiations 
and repair of damage or adequate supercoiling of rep lie on 
A. NHSF6 C. CS(GM739) 
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FIG 6. Decline and recovery of the DNA-synthetic rate after UV 
irradiation. Cells exponentially growing at approximately 5-8 x 105 per 
90-mm plastic dish were unirradiated or UV-irradiated, and incubated 
in ordinal medium, followed by pulse-labeling with 1 /-LCijml of [3H]_ 
dThd for 30 min at various times. Radioactivity of acid-insoluble 
material was counted as a measme of the DNA-synthetic rate, which 
waS expressed as percent of unirradiated control at each sampling time. 
The shaded horizontal bars indicate the control ranges. 6-- 6, 1 J I 
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254 nm UV dose. 
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TABLE IV. Summary of the UV"IKO results and comparisons 
Mutagen sensitivity 
(i) UV or UV -like mutagens 
254 nm UV 
4-ni troqu inoline-1-oxide 
AAF -derivatives 
Decarbamoyl mitomycin C 
(ii) X-ray-type agents 
X-rays 
Methyl methanesulfonate 
Ethyl methanesulfonate 
N-methyl-N-nitrosourea 
(iii) Crosslinking agent 
Mitomycin C 
UV nucleotide excision repair (incision) 
Excision-break accumulation by arabinofuranosyl cytosine 
Post-UV DNA-chain elongation (Mw-increase rate) 
Recovery of post-UV DNA synthesis" 
SCEs 
Base line frequency 
UV-induced 
XP groups A 
and C" 
++" 
++ 
+ 
+ 
N 
N 
N 
+* 
+ 
N 
N 
H igh 
XP variant 11961" CS GM739 UV' IKO 
+ ++ ++ ++ 
+ ntd ++ ++ 
N N" + + 
+ nt + N 
N N N N 
N N N N 
N + N N 
N nt N N 
nt nt + N 
N N N N 
larger nt N N 
N' N N N 
Slow 
N N N High 
N N High N 
" From the present results, where the XP6BE group C results were confined only to 254 nm UV survival, UDS, and loss of T4 endo sites. 
/, From the data of Arlett et al. [20], Lehmann et al. [21], and Marshall et al [38]. 
e ++, very sensit ive; +, sensitive; +* sLightly sensitive; N, normal. 
d nt, not tested. 
,. In the 11961 cells, Arlett et a l [20] used N-acetoxy-AAF, whereas we used N-OH-AAF in the other mutants indicated. 
'The initial Mw after a short-term labeling following irradiation is smaller than that in normal cells [11,17,29,37], although the subsequent 
Mw-increase rate during the chase is normal [12, 17, 38). 
" The extent of recovery of DNA syntheseis after 5 J/m2 or the doses close to that. 
clusters causes reinitiations to recover DNA synthesis [see 
review of reference 18]. Decline and recovery in the rate of 
DNA synthesis depend on excision repair in XP cells [16,17]' In 
XP variant cells, further, a prolonged sealing of excision breaks 
[8-13) may cause a slow recovery of post-UV DNA synthesis 
[11,12,16]. Thus, it is suggested that a single or more breaks, 
even if residua~ in XP celis, which remain in replicon domains 
during repair, inhibit initiations in the affected domains [18]. 
However, in apparently excision- and replicative bypass-pro-
ficient UV"IKO (Table IV), CS [20,21) (Table IV), and 11961 
cells [20,21), the substantial recovery of DNA synthesis after 
UV irradiation was not observed. Therefore, the defective re-
covery may not be soLely due to the strand-break persistence in 
replicon domains, but also due to other factors. Although de-
fects in repair of nondimer lesions or in unknown repair mech-
anisms are not excluded, it is likely that UV"IKO cells may 
have a specific, as yet unidentified factor for the chromatin 
recovery to support DNA synthesis after irradiation. In addi-
tion, such a factor would differ froin disorder to disorder in 
Category (2) in Introduction. . 
Clinically, CS is characterized by growth, neurological and 
mental retardations, a high sensitivity of the skin to sunlight, 
skeletal abnormalities, retinal atrophy and deafness [19,22]. 
The 11961 patient has severe acute sunburn, although mono-
chromatic UV erythema reaction of the skin falls within normal 
limits, and definite signs of dwarfism at age of 22 mo [20] 
(Arlett, personal communication). However, the present 
Uvs IKO subject has mild sun-sensitive . manifestations and 
hyper-reaction to erythema test without delayed peaking of 
erythema, and no definite physical and neuromental complica-
tions. UV' lKO does not also fit clinically to Chediak-Higashi's 
syndrome. 
Thus, the above experimental and clinical comparisons can 
distinguish Uvs IKO from the other genodermatoses described 
above, thus indicating that this particular disorder is a new 
type of photosensitive genodermatosis. 
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